Summary.-Retrovirus-like particles can be recovered by arginine deprivation from the BJAB-1 Epstein-Barr virus (EBV) negative cell line derived from an African patient with typical Burkitt's lymphoma. These particles resemble retroviruses in their morphology and in their physicochemical properties. Particles with a similar morphology were obtained from derivative cell lines established by infecting BJAB-1 cells with EBV. On the other hand, retrovirus-like particles could not be induced in EBV-DNA-positive lymphoblastoid cell lines derived from non-leukaemic patients with ataxia telangiectasia and Down's syndrome and from a patient with infectious mononucleosis.
HUMAN lymphoid cells derived from lymphoma and leukaemia patients were found to contain retrovirus genetic information and to induce the formation of type C virus particles under suitable conditions (Gallagher & Gallo, 1975; Kotler et al., 1975; Mak et al., 1974; Nooter et al., 1975) . Initial studies by Kotler et al. (1973 Kotler et al. ( , 1975 showed that cultured lymphoblastoid cell lines from patients with leukaemia and Burkitt's lymphoma produce retrovirus-like particles after incubation in arginine-deficient medium. These particles contain an endogenous reverse-transcriptase activity that is stimulated by the addition of exogenous templates such as oligo (dG) .poly(rC) or oligo(dT).poly(rA). A similar observation on retrovirus particles released from the QIMR-WIL cell line was reported by Klucis et al. (1976) .
More recently, Kotler et al. (1977) reported that the arginine-deprived lymphoblastoid cell lines, Raji and P3HR-1, contain neoantigens that cross-react with simian sarcoma and Rauscher mouse leukaemia virus antigens. These cell lines are EBV-DNA positive. It was therefore of interest to determine whether C-type particles could also be induced in the BJAB-1 EBV-DNA-negative lymphoblastoid cell line derived from a patient with typical African Burkitt's lymphoma (Menezes et al., 1975) . Infection of BJAB-I cells with EBV from marmoset lymphoblasts (Miller et al., 1972) converted them into EBV-DNA-positive cells, and enhanced their ability to proliferate in vitro (Steinitz & Klein, 1975) . As controls we used lymphoblastoid cell lines derived from a patient with infectious mononucleosis, and lines which developed spontaneously from blood samples of non-leukaemic persons with ataxia telangiectasia (AT) and Down's syndrome. These cell lines contain EBV DNA and EBV nuclear antigen (Cohen et al., 1978) . Patients with AT and Down's syndrome have a higher incidence of leukaemias and lymphomas Correspondence to: Professor Y. Becker, Laboratory for Molecular Virology, Hebrew Universitv-Hadassah Medical School, Jerusalem. than the normal population (Hecht & McCaw, 1977; Lubiniecki, 1977) .
In this study we demonstrate that after arginine deprivation, BJAB-1 cells as well as EBV-infected sublines, release retrovirus-like particles that are biophysically and morphologically similar to human and monkey viruses described in recent years. The particles that appear after arginine deprivation have a density of 1P16-1917 g/ml in sucrose gradients and differ from the particles described by Smith et al. (1976) (Steinitz & Klein, 1975; Klein et al., 1975; Clements et al., 1975) resulted from infection of BJAB-1 cells with EBV from the B95-8 marmoset cell line (Miller et al., 1972) . These cells were grown in RPMI 1640 medium (Grand Island Biological Co.) containing 10% heat-inactivated foetal calf serum (GIBCO) as suspension cultures in 250 ml glass bottles at an initial concentration of 4-5 x 105 cells/ml. The medium for BJAB-1 cells was supplemented with 24 u/i of insulin (Nordisk Insullaboratorium, Copenhagen) since insulin stimulated the growth rate of BJAB-1 cells. Every 3-4 days the cells were subcultured.
Lymphoblastoid cell lines from 3 patients with AT and 2 with Down's syndrome were used as controls. These cell lines were found to contain EBV DNA and EBV nuclear antigens, and one line produced EB virus (Cohen et at., 1978 (Table) . A similar activity was found using 0 8 mm Mn++ instead of 10 mm Mg++ in the reaction mixture. Such activity was not found in the high-density fractions (1 -20 g/ ml, Table) . These experiments, which were repeated several times, led us to conclude that the isolated particles from argininedeficient cultures contain a reverse-transcriptase activity and resemble the virus particles released from P3HR-1, Raji and 1301 lymphoblast cell lines used as controls (Table) .
In control experiments with particulate material from arginine-containing medium of BJAB-1 cell cultures, the DNApolymerase activity was found in the 1-17-1-22 g/ml region of the gradient (Fig. JB) . This activity was neither sensitive to RNase nor stimulated by the addition of exogenous template oligo(dG).-poly(rC) (not shown,) and thus differed from the reverse transcriptase activity of retroviruses. A similar activity was described in media harvested from cultured human leukaemia cells by Smith et al. (1976) .
Electron microscopy of BJAB-1 cell sections.-BJAB-1 cells incubated in an arginine-deficient medium were harvested, sectioned and examined by electron microscopy. In every preparation, virus-like particles were detected in the extracellular spaces ( Fig. 2A, B) or budding from the cell membrane (Fig. 2C, D) . The virus-like particles have a dense core (1975, 1977) were used as controls. **ND not (lone.
( Fig. 2B ) but many have an irregular shape, and in some of them the core is acentric ( Fig. 2A) and may vary in size ( Fig. 2A, B (Fig. 3A, B) or free in the extracellular spaces (Fig. 3C) . The budding virus-like particles have a large core, similar to that of the virus particles released from BJAB-1 lymphoblasts (Fig.  3D ). The released virus-like particles have a large, somewvhat irregular core with a dense central area (Fig. 3C) Incubation of the BJAB-1 lymphoblastoid subline AW/BJAB in an argininedeficient medium produced the release of virus-like particles into the medium (Fig.  4A, B) . These virus-like particles have a distorted structure, but the large core is distinct and similar to the virus-like particles from BJAB-1 and GC/BJAB cells. Similar odd-looking virus-like particles were found in another cell line which resulted from fusion of BJAB-1 cells with EBV-DNA-positive Raji lymphoblasts (Fig. 4C ). These cells did not release viruslike particles when grown in complete medium.
Lack of retroviruses in arginine-deprived non-leukaemic lymphoblastoid cells It was of interest to study the response to arginine deprivation of "B" type lymphoblastoid cells that developed spontaneously from the blood of individuals with two types of genetic disorders, ataxia telangiectasia (AT) and Down's syndrome (trisomy 21). A lymphoblastoid cell line from a patient with infectious mononucleosis was also investigated. These cell lines contain EBV DNA and EBV nuclear termed AW/BJAB-1 (similar to the cell line in Fig. 3 ) and a line derived from fusion of BJAB-1 cells with Raji lymphoblasts (C) . Note the irregularity and fragility of the particle membranes. (Kotler et al., 1975 (Kotler et al., , 1977 .
Morphologically similar virus particles were also obtained from sublines of BJAB-1 lymphoblasts which were infected in vitro with EBV. In addition to containing EBV DNA, the BJAB-1-derived cell lines (GC/BJAB and AW/BJAB) retained their ability to produce retrovirus particles. In this respect the GC/BJAB lymphoblasts resemble Raji and P3HR-1 lymphoblasts, which carry EBV DNA in their nuclei and are capable of synthesizing a retrovirus when incubated in an arginine-deficient medium (Kotler et al., 1975 (Kotler et al., , 1977 (Gelderblom et al., 1972) and in human neoplastic haemopoietic tissues (Popovic et al., 1974) .
The virus particles produced by GC/ BJAB-1 cells, although morphologically similar to BJAB-1 virus particles, pose another problem. The GC/BJAB lymphoblasts were derived from BJAB-1 cells infected with EBV from B95-8 marmoset lymphoblasts which produce EBV (Miller et al. 1972) . It is possible that the B95-8 lymphoblasts contain or produce a marmoset endogenous retrovirus that may have been present in the EBV preparation used to infect the human BJAB-1 lymphoblasts. Preliminary electron microscopic studies on B95-8 lymphoblasts incubated in arginine-free medium revealed retrovirus-like particles in the marmoset cell. Laboratory contamination of the BJAB-1 cells by a retrovirus can be ruled out for the following reasons: (a) The retroviruses were found in the BJAB-1 cells only after arginine deprivation, not under regular conditions of growth, (b) the morphology of the particles differed from that of type-B and C viruses, but it resembled that of some primate viruses (Chopra et al., 1972) which have never been grown in our laboratory, and (c) the particles found in the Ramos cell line which had been transferred in a nude mouse (Kotler et al., 1977) differed entirely from the viruses found in the BJAB-1 and derivative cell lines.
The lymphoblastoid cell lines from patients with AT, Down's syndrome and infectious mononucleosis contain EB virus genetic information, but did not respond with retrovirus production when incubated in an arginine-deficient medium. The cell lines from persons with autosomal recessive genetic syndromes were chosen since leukaemia proneness of such individuals is higher than in the general population (Hecht & McCaw, 1977; Lubiniecki, 1977 
